INTRODUCTION
In the past few decades, there are small number of streets in a town and city, street lamps and management control is relatively simple, but as the country developed into a well-off society, and with urbanization, the number of streets in the town increases rapidly. So the control and management of street lights become a problem. At present, street lamps control at most of the urban is only by manual control, a control switch set in each of the street lamps, it is the so-called first generation of the original street light control, which is inefficient and a waste of manpower. Huge amount of electrical energy is wasted. In this conventional system, the street lights have group based control which means individual lights cannot be controlled. Due to some natural calamities like storm, if there is a breakage in wire, the entire system gets affected. Maintenance cost will be high in order to repair this system. Also they make use of sodium vapour lamp which is harmful. The low pressure sodium vapour lamp produces 33,000 lumens which consumes more amount of energy.
In current years, the street light control is automated. One such system is to change the resistance by using the lightsensitive device to control street lamps that lights up automatically in the evening after dark and turns off automatically in the morning. But the reliability of this method is less. Though it reduces the man power, it does not conserve energy spent during night time. It also exposed a problem that it cannot meet the needs of the growing street lamp information and intelligent management. In short, the current street lighting strategy is simple and crude, lack of humane care of the car and human, cannot achieve the sleep and wake-up call of the lamps in time. Therefore there is an urgent need to develop a highly intelligent street lighting system.
In order to achieve this many smart systems came. The author in [1] proposed an energy efficient street lighting System. The presented system consists of a LED lamp module, a digitally-controlled multi-phase driving system for LED lamp and an Ethernet-based communication interface. Here the Ethernet is connected to the computer. Once the instruction is given, the digital controller collects the data from the Ethernet and performs the corresponding functions in the lamp module. In [2] , the system consists of two nodes namely, the master node and the slave node. Public street light intelligent control and management system is made up of a PC and a number of subnote components. PC is installed in the general management office of street lamp system, sub-node host computers are installed in the street management office (a transformer), and the guest computers are installed in every street lamp control box. PC bears general configuration of multimedia PC, with GPRS communication interface and broadband network interface. Each of the sub-node computers is made up of a host computer and a number of guest modules. The author in [3] is sensing the street lights computer vision and image processing techniques. This system utilizes the camera to capture the images of the vehicles or pedestrian. Then accordingly the lights of particular street will be ON. The camera that they have placed is a network camera. Internally it has all control mechanisms. The model of our street light monitoring system is shown in the figure below: The first sensor set is placed meters before the lamp1. The second one near the lamp1,third near lamp2 and goes on. So, the lamps are on before a certain time of arrival of the vehicle near the lamp1.in order to control one lamp(ex:l3), information from the previous, nearest and next sensors is needed(s2,s3,s4).
For day night sensing LDR(light dependant resistor) is used. The type of sensor that we have used here is piezoelectric sensor. A Piezoelectric sensor is a device that uses the piezoelectric effect, to measure changes in pressure, acceleration, temperature, strain, or force by converting them to an electrical charge. Here the piezoelectric sensor is used for sensing vibration. These sensors are buried under the road with proper covering layers. They are distributed in an uniform order.
The sensor senses the vibrations from the movement of the vehicle or the person and sends the corresponding electrical signal to the microcontroller. The microcontroller accordingly changes the brightness of the street lights. The microcontroller used here is arduino uno. With the help of ZIGBEE protocol, the sensor data from the previous lamps are obtained and important calculations like Speed and others are done. Accordingly warnings can be given to the drivers and speed monitoring is possible. This system can be applied to the roads with heavy traffic for monitoring. At the same time it proves to be efficient for a small street too with respect to energy saving.The features of the smart street lights in are as follows:
• Easy installation and extension-
The implantation of the piezoelectric sensors under the road surface is quite easy and deployment of wires, fixing our master circuit and connecting it to the street lights are not difficult. If a new lamp is to be added, the extension process is also so simple.
• Low costThe piezo electric sensors are so cheap and around 5 to 15 rupee. The overall project is so cost effective including the microcontroller used (aurdino uno) and all other technologies used. On comparing with any other sensing systems like solar sensing system, IR sensing system etc…this is the cheapest and effective method.
• SafetyUsual smart street lights do not always turn on and therefore public safety may get worse. The aim of the system is to keep public safety and to save energy. To keep public safety, street lights that are within the views of pedestrians or vehicles but not near them must turn on; if someone hides behind something to attack pedestrians or vehicles, pedestrians or vehicles must find it to avoid the attack. Therefore, street lights whose areas are within the views of the pedestrians or vehicles must turn on and street lights that are related with safety of the pedestrians or vehicles must also turn on.
II. PROPOSED SYSTEM a) Functional principle:
The main aim of the project is to save energy and the principle used for this is vehicle and people movement sensing through the piezoelectric sensors deployed on the roads and controlling the intensity of street lights according to the decisions taken by the microcontroller used. As an added feature it also does data collection and analysis. The figure below shows the entire process flow for one particular street light : 
b) sensor module:
This is the first unit which tells us if the street light should be on or off. It uses a LDR (light dependant resistor), whose input is the amount of light present in the surrounding environment . It distinguishes between the day and night .if it is night all the above units must work, but if it's the day then movement sensing unit is not since the lights are always off.
To sense the movement of the vehicle, there are many ways. Either we can detect them by sensing their vibrations (piezoelectric sensor), pressure (pressure sensor), interference (infrared sensor), sound (ultrasonic sensor). Using infrared sensor is an best way to detect the vehicles or pedestrians, but their placement gives a problem. We have to keep them on either side of the road which will have many interventions. We can also use ultrasonic sensor to sense the sound of the vehicle. The problem lies in detecting the people and the main disadvantage of this we cannot deploy this kind of sensors in sound prone areas (for eg: areas where factories lies in). Pressure sensors are little bit costlier. Therefore the most reliable, cost effective way is to use the piezo electric sensors. These sensor will cost about Rs.10/-to Rs.15/-. The piezoelectric sensors are buried under the road surface with some layers in order to detect the vibrations.
In our experiment we placed the 6 sensors. Any microcontroller with ADC channels can be used. In our paper we make use of arduino uno. Since it is cost effective and reliable. The Uno is a microcontroller board based on the ATmega328P. Each sensor output is connected to the ADC channels of the controller. Two metal sheets are placed parallel where sensors placed as shown in the figure. The remaining places are filled with rubber material to get the impact. So wherever we get impressions, it can be detected by our sensors and sends the corresponding signal to the microcontroller. In our system we utilize the charge pump circuit to detect the peak from the sensors.
The output from each sensor will have a charge pump circuit. In our circuit we used schottky diode. A Schottky diode has a voltage drop of 0.15-0.45 V. This lower voltage drop can be used to give higher switching speeds and better system efficiency. The relative advantage of the lower forward voltage of Schottky diodes is diminished at higher forward currents, where the voltage drop is dominated by the series resistance. The negative terminal of the piezoelectric sensor is connected to the schottky diode in forward bias. The capacitor (10uf) and the resistor (10 kΩ) are connected across this. Then the output from this circuit is given to the analog to digital convertor of microcontroller.It gets input from the movement sensing unit and decides the values for the time variable t1, t2, t3. The input from these sensors goes to ADC (analog to digital converter) of the controller. It gets information like speed of the vehicle, type of vehicle and combines with the sensor input to decide these values. It is in such a way that the code 00 corresponds to intensity1 (t1), the code 01 corresponds to intensity2 (t2), the code 10 corresponds to intensity3 (t3), the code 11 corresponds to off state of the street lights.
Based on these values speed monitoring can also be done. Once the digital values are generated from the controller with the help of aurdino software, these can be sent to the zigbee unit and the information reaches the street lights. Accordingly the lights change their intensity for the specified time period.
The RF module uses ZIGBEE protocol for communication between the street lights. ZIGBEE is an IEEE 802.15.4-based specification for a suite of high-level communication protocols used to create personal area networks with small, low-power digital radios. It is more economical than Wi-Fi while Bluetooth protocol also consumes more energy and has a greater scattering of parameters of conventionally compatible units.
This communication is very important because as mentioned in the introduction each street light is controlled with the data from three sensors (ex: for l5-data are needed from s5, s6 and s7) and as per our structure these data's are obtained from the previous and next street lights (for l5-from l4 (s5 data) and from l6 (s7 data)). The information goes to the microcontroller for further process. There various parameters like type, speed… of the vehicle can be calculates. The calculated data is used for monitoring purpose as well as for taking decisions like fixing values for the time variables (t1, t2, and t3). The proposed system contains three types of controlling system in the lights i.e, controlling the lights by means of intensity by varying the current that are given to the lights. For this we put a digital to current convertor. According to the signal that we get from the controller, the current can be varied.if we get the digital input as 00, the current will be 0 which means the lights will be in OFF state. If the input is 01 (this means only the pedestrians crossing the street), the current will have a some constant value that can be used to switch ON the light with 40% brightness. If the input is 10 (i.e, the vehivle is crossing the road), the lights will be made to on with full brightness by keeping the current to the fullest required by the lamp.
III. EXPERIMENTAL SETUP

A. Sensor deployment
The piezoelectric sensors are placed at regular intervals in the road in rows near each street light. In the experiment we took about 18 sensors and made three rows each with 6 sensors. Two pcb plates of about 3cm thickness are first placed on two tar sheets (bottom sheet and top sheet) the 6 sensors are sandwiched between pcb plates. These metal sheets provide support to these sensors and also increase the effect of the pressure applied by the passing vehicles/pedestrians footsteps. In order to enhance and spread the vibrations equally among these 6 sensors we use rubber bars. These rubber bars are placed in-between two sensors (with the metal sheets covering it) and two slightly bigger pieces are used for the ends.In this setup by one sensor unit, we mean a set of three piezo sensors connected in parallel. In between these sensors we have placed rubber sheets for better suspension .These units were connected in series and covered with tar sheets. Since we use 6 sensors for a row we get 6 positive leads and one common negative lead. The 7 leads are then extended using 3m wires to bring them to one side of the street, where the other parts are connected. These wires are then connected to the charge pump setup as shown below.
Figure7: a sensor unit We used 6 resistors each 10k, 6 capacitors each 10 microfarad and 6 schottky diodes for constructing the charge pump. Schottky diode is used here to get better voltage values. The whole board contains 6 charge pumps corresponding to each sensor. The resistor and capacitor are in parallel connection. One end of this parallel connection is soldered with the negative terminal of the schottky diode. A negative lead is taken by connecting the other end of the resistor-capacitor parallel connections of all the 6 charge pumps. From the positive terminal of the diode the positive lead is taken so that we have 6 positive leads and 1 negative lead from the entire charge pump circuit.The positive and negative leads of the charge pump circuit as well as the sensor circuit are connected correspondingly. Since the controller board has 6 ADC's, we connect the 6 positive leads to it and the negative one to the ground. It converts the analog signals into corresponding digital signals. 
IV. GRAPHICAL INTERPRETATIONS AND RESULTS
The data obtained from the experiment is stored in a text file and accessed from matlab software during simulation. The following are the 2d graphs for different cases. One is for the pedestrians, one for a two-wheeler, and the others for a car coming at different speeds. From the above curves it can be seen that the three key parameters that decide the nature of the curve are:The time of contact of the load and The pressure applied by the load and the speed with which the load moves.The parameter speed is directly proportional to the pressure applied and inversely proportional to the time of contact. The pedestrian's curve has broader peaks (lower in amplitude) since the time of contact is more. For the two-wheeler and the car at the speed of 20km/hr, the difference is less. Their speed and the applied pressure are moderate. The graph of cars at 40km/hr and 80 km/hr has sharp peaks and are narrow because of their high speed.
Results: From the above interpretations we arrive at some important conclusions. From the nature of the peaks the type of vehicle and the speed of the vehicle can be identified and accordingly the values for the time dependent variables (t1, t2, t3) are assigned. Thus the street lights glow at intensity1 for period t1, intensity2 foe period t2, and intensity3 for period t3. Detecting the presence/absence of load is also important because only when a vehicle has crossed a particular lamp (absence of vehicle-plain graph) it is switched off.
V. FUTURE SCOPE
The entire setup can be connected to the IOT (internet of things) for processes like data extraction from roads, controlling traffic accordingly and warning the particular vehicle if it is crossing the speed limits or if it is using a prohibited road. This concept can be of much use if the IOT can be used in a 4-way junction. The system can also be used in accident prone zones like the mountain curves, busy roads etc…. For example in the mountain curves if a lamp is placed at the cure corner, the vehicle from either side of it can know if a vehicle is coming on the other side and how farther is it from the intensity of the lamp.
VI. CONCLUSION
We have millions of roads around the world and each day a very huge amount of energy is wasted because of the conventional street light system. Though at some modern places they have moved on to the other sensor controlled street lighting systems like IR, ultrasonic systems, they are too costly and ineffective to offer for the normal roads in other places. Since we make use of piezoelectric sensors, the above system is cost effective and doesn't have any major flaws. It also has a lot of future scope as mentioned above. Thus we conclude by saying that this efficient method can be made use of in any little/big streets of our country for saving power, which is in huge demand now.
